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More meat, milk and fish—by and for the poor
Livestock and fish genetics component: 
Background proposals for the CGIAR 
Research Program on Livestock and Fish
The following sections describe the rationale, key research questions and activities for livestock and fish 
genetics. Whilst it is recognized that many principles surrounding the utilization and improvement of genetic 
resources can equally be applied to both terrestrial and aquatic species, they are discussed separately here for 
clarity and due to the value chain specificity. Means to capitalize on the important synergies between livestock 
and fish genetics are outlined under the section titled ‘animal genetics research platform’. 
Livestock—rationale
Livestock breeding strategies in developed countries have resulted in significant and sustained increases in 
livestock productivity. Livestock have shown extraordinary and sustained response to production traits such 
as growth rate and milk production, and fitness traits such as disease resistance, albeit at the cost of reduced 
livestock genetic diversity.
This dramatic improvement in genetic merit has been ascribed to three major factors:
1. Choice of breeds, development of new composite breeds, and the use of cross-breeding systems
2. Accurate trait and pedigree recording and use of these records to evaluate individual animals and use 
estimates of genetic merit to make breeding selection decisions. 
3. Reduction in environmental variation through disease control, improved housing and nutrition. 
In the developing world, however, the same increases in livestock productivity due to breeding strategies have 
not been realized. This is due to a number of reasons including the lack of recognition of the importance of 
breeding strategies to the livestock sector (as opposed to crops where significant progress has been made), the 
lack of capacity (there are few trained animal breeders within developing countries), and the lack of supportive 
institutions and policies (Kosgey et al. 2006; Kosgey and Okeyo 2007). That said, these constraints are 
beginning to be addressed and will form an important component of the CRP.
In a number of developing country livestock systems, exotic breeds have been introduced with the aim of 
producing animals that are both productive and adaptive, via crossing to indigenous breeds. Commonly, 
however, this crossing is not done in an organized way and over the years a range of different cross-breeds 
emerge. In such situations a pertinent question is which of these cross-breeds match best to the livestock 
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keepers’ demands and resource situation. Recent advances in genotyping, such as the availability of SNP-chips, 
allow the breed composition of individual animals to be determined in the absence of pedigree (Marshall et al. 
2011) (see box, below). This allows for comparison studies using performance and economic data collected in 
situ (e.g. from smallholder farms), which has not previously been possible. Such studies will be directly relevant 
to several of the proposed value chains. 
 
The livestock breed concept: The Western and developed countries’ definition of a breed is: ‘a distinct, 
intra-specific group of animals, with shared peculiar characteristics that are distinct from other such 
groups, with each member having pedigree tracing its ancestry, often to a specific family tree and 
geographic region or a people. Usually a breed has defined breed standards, and official register of 
pedigree (stud book) and performance recordings are undertaken by a formal organization (breed society) 
that develops, safeguards, promotes it and lobby for it’ (FAO, DAD-IS: http://dad.fao.org). Examples of 
breeds include Holstein Friesian, Charolais and Angus for cattle; Corriedale and Merino for sheep, and 
Alpine, Toggenburg and Saanen for goats.
However, in developing countries pedigree and performance recording rarely take place and the nearest 
equivalent to a breed is a locally adapted population which has been subjected to common breeding 
objectives, often separated by cultural or community ‘boundaries’ or differential preferences for specific 
animal attributes (Rege et al 2006). Thus, the breeds documented in the Domestic Animal Genetic 
Resource Information System (DAGRIS 2007: http://dagris.ilri.cgiar.org), typically encompass several 
adapted ‘ecotypes’. The net result is that the concept of ‘breed’ in the developing world context is much 
more complex than in the West.
Within-breed improvement programs should be considered in developing country livestock systems in cases 
where the most appropriate breed is already in wide use, other system constraints (such as feed and health-care) 
are being addressed, and it is accepted that a long-term approach is required. Whilst within-breed improvement 
is not a new technology, many issues remain in terms of adapting approaches taken in the developed world to a 
developing country context. These include, for example, the development of incentive systems for participation 
of livestock keepers in recording schemes and institutional and organizational (i.e. breed associations) models 
for sustainability. It is expected that demand for higher genetic merit animals (and thus genetic improvement 
and dissemination technologies) will increase as livestock keepers become more commercially orientated 
and the other relevant actors, especially local agents of international and regional breeding service providers, 
become more engaged as can be anticipated using the value chain and innovation platform approaches. 
Other genomic studies, such as the characterization of genetic diversity (to complement phenotypic 
characterizations, and to inform conservation strategies) or the identification of genes for important traits such 
as disease resistance (with potential applications to breed improvement and/or the creation of new animal 
health products), also have strong relevance to developing country livestock systems. However, as the potential 
outcomes from such studies are longer term and difficult to predict they play a complementary (rather than 
central) role to the overall research portfolio presented here. 
Development and delivery of animal genetics will be implemented in ways that take into account the 
constraints faced by poor and women livestock keepers and which help them not only make the best use of 
their existing assets, but also helps them to build these assets (Rege et al. 2011). Attention will be paid to issues 
such as gender and poverty-group differentiated ownership and management of livestock; gender and poverty-
group differentiated livestock and fish production objectives; and constraints specific to socio-economic groups 
that influence involvement in breeding activities, farmer organizations, or access to genetically improved 
animals. This will result in a reduction in the gender and equity gaps in relation to access to improved animals 
and thus livelihood outcomes.
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Livestock—key research questions
1. What are the available breeds for each of the livestock species and selected value chains and how 
appropriate are these for the different gender and poverty groups? Can genomic tools combined with novel 
phenotyping approaches provide enhanced descriptions of these resources?
2. What are their genetic attributes, current levels of production, existing production systems, the key 
constraints, men and women farmer trait and market preferences (key trait combinations) for each of the 
selected livestock and value chains?
3. What breeding and market services are available to the different gender and poverty groups, who are 
providing them, and how good are they?
4. What are the existing institutional and organizational arrangement for delivery of/access to input and 
market services to the different gender and poverty groups and are they satisfactory?
5. What currently available reproductive technologies are being used and by whom? Is there scope for 
introduction of existing or incrementally improved technology into the value chains under study?
6. What is the potential of novel genomic approaches, including comparative genomics, to leapfrog 
bottlenecks in provision of adapted animal types (These approaches are under active research by ARIs, but 
CGIAR has a responsibility to ensure they are applied to pro-poor traits and to facilitate development of 
enabling policy environments)?
7. Can these technologies be sustained to match the demands projected over the next 50 years, especially 
when faced with uncertainty about the impact of climate change on the production environment? 
As we look to medium-term development it is important to pay attention to the significant developments in 
the genetic toolbox which may further extend our ability to deliver genetic improvement. Some of these, 
such as improved breeding services delivery systems, are likely to be directly applicable to the value chains 
selected in this CRP. However, the CGIAR, through this CRP, also has a responsibility to evaluate and, where 
appropriate, consider adapting other developments to the needs of the poor farmer. Many of these technology 
developments are driven by the needs of the North but there are likely to be opportunities to adapt them to 
address the needs of the South. Obvious examples include use of comparative genetics to study gene function 
and transgenic platforms which have made major leaps recently, but with North-driven traits being addressed. 
This requirement includes monitoring and guiding the policy environment. Whilst not all of these approaches 
will be driven by the perceived and immediate needs of the value chains they are, however, essential to allow 
the CRP to maintain its ability to detect and take advantage of new developments, and do not represent a major 
effort or budget expenditure.
An important aspect of the CRP is a unified and comprehensive data management system. We will ensure that 
all value chains use, as far as possible, common data collection standards and ontologies. This will ensure that, 
at the very least, analysis tools will be readily applicable across value chains. Such platforms and systems are 
well established through our experience of multi-site and multi-species projects in which data are comparable 
and visualizable in a unified manner. In addition to its practical usefulness, such a data platform will also serve 
to unify the diverse activities of the CRP. 
Livestock—activities
Working closely with ILRI’s Markets, Gender and Innovation Teams, and in collaboration with the farmers, 
farmer organizations, and other stakeholders, the above research questions will be addressed by:
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1. Assessment of the men and women farmers’ trait preferences and market demands for small ruminants, 
cattle, and pig breeds and relative performance of the breeds currently being used in the selected value 
chains and production systems.
2. Establish databases for each of the livestock value chains, and design the architecture for comprehensive 
data capturing, biobank sample management, processing, synthesis, analysis and use of results for 
feedbacks, reporting and wider cross-referencing.
3. Assessment of the farm and community level animal management practices and performance in the 
selected value chains and production systems, in order to determine which ones are the most suitable. 
4. Gendered participatory approach to development of breeding objectives, multiplication and delivery of 
improved genetics. 
5. Collection of DNA, tissue and serum samples for strategic bio-banking and for running of high density SNP 
assays and undertaking association and bio-informatics studies on selected phenotyped individuals. The 
material will be used to inform characterization programs aimed at identifying the most desirable breed/
cross-breed combinations and may also be of future strategic value, thus contributing to the FAO Global 
Plans of Action. 
6. Undertake strategic assisted reproductive research in response to observed limiting factors within the value 
chains. 
7. Participation in the development of high-end genomic studies, transgenics and use of comparative 
genomics to support long-term breeding and conservation strategies. 
Aquaculture—rationale
Current indications are that Asian and African aquaculture will need to grow substantially to meet the demand 
for fish and it must do so partly by increasing production per unit land and water use. In response, WorldFish 
is placing growing emphasis on developing technologies that can support national and regional efforts to meet 
this need.
Together with the lack of affordable and effective feeds, the absence of improved strains capable of producing 
high quality seed is consistently identified as the most widespread and persistent technical obstacle to the 
development of aquaculture among both smallholders and medium sized enterprises. In developing countries, 
very often farmers’ strains are not more productive than their wild counterparts (and in some cases they are 
even less productive) due to poor management of the genetic resource (inbreeding and inadvertent selection in 
the wrong direction, for smaller fish). To address these issues WorldFish has focused on the development and 
use of genetically improved strains of fish.
Aquaculture—key research questions
Genetic improvement by selective breeding is an area in which WorldFish has been active and successful. An 
improved strain of tilapia (Oreochromis niloticus) called GIFT, an appealing acronym for Genetically Improved 
Farmed Tilapia, is one of the products the centre is especially proud of and is one of the cases highlighted in 
the publication ‘Millions Fed: proven successes in agricultural development’, produced by the International 
Food Policy Research Institute (Spielman et al. 2009; Ponzoni et al. 2011). WorldFish also contributed to the 
development of Jayanti rohu (Labeo rohita), an outstanding strain that is now widely used by farmers in India. 
WorldFish also provides advice and support to genetic improvement programs with a number of species in 
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more than a dozen Asian, African and Latin American countries. Improved strains are essential to small farmers; 
otherwise, the resources they assign to feeding and to managing the production environment are largely wasted. 
Growth and survival rate are two key traits in making aquaculture economically viable. The value of survival 
is obvious since dead fish constitute a total loss. When fish of a particular size are desired greater growth 
rate enables achieving that aim in a shorter period of time, whereas if the duration of the production cycle is 
fixed, larger fish will be produced. In either case greater growth rate is advantageous. It is our perception that 
replication across species and countries of the very successful approach developed by WorldFish would result 
in substantial impact at the farmer and consumer level. WorldFish has state-of-the-art expertise in the planning, 
design and conduct of genetic improvement programs, as well as ample experience in research, development 
and technology transfer in the area.
Genetic improvement typically takes place in a relatively small population of the order of a few hundred 
individuals. The economic impact of genetic improvement in any such population is small, but it becomes 
spectacular when it is multiplied through hatcheries, disseminated to farmers, and expressed millions of times 
in the production system. It is this attribute of genetic improvement by selective breeding that makes it such a 
unique and powerful technology. Furthermore, genetic gain is permanent and cumulative, that is, the new gain 
achieved in each generation builds upon gains made in earlier generations. These characteristics too (being 
permanent and cumulative) are unique to genetic improvement and cannot be found among other aquaculture 
technologies. WorldFish scientists have shown that investment in genetic improvement programs at a national 
level can result in very favourable benefit/cost ratios, of the order of eight to 60, depending on the specific 
circumstances, and sometimes even greater (Ponzoni et al. 2007, 2008).
Among the key research questions we ask in CRP 3.7 are:
1. How can the long term evolutionary potential of genetically improved strains, currently curtailed by 
financial and physical limitations of breeding facilities, best be maintained? 
2. What are the economic benefits, at national and individual farmer scale, of use of genetically improved 
strains?
3. What are the animal welfare implications of selecting for fast-growing productive strains and how can 
these be addressed in breeding programs? 
4. How can molecular techniques refine and improve current programs, especially in selection for traits that 
are difficult to handle with currently used quantitative methods?
5. How can aquatic animal genetic diversity, most of which still resides in the wild, best be protected?
6. What are the risks to wild fish populations posed by genetic improvement programs and how can these be 
managed?
7. What sort of capacity development programs are required to sustain long-term genetic improvement 
programs implemented in a responsible manner from a biodiversity viewpoint?
8. What sorts of breeding objectives might be both desirable and implementable in responding to climate 
change?
9. What sorts of private and public partnerships are needed to multiply and disseminate genetically improved 
strains and how are these best developed and maintained? 
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Aquaculture—activities 
The species chosen to work in Uganda and Egypt are Nile tilapia and Africa catfish. The WorldFish Center has 
played a pioneering role in the initiation and conduct of genetic improvement for aquatic animal species in 
developing countries. From the WorldFish Center we approach work in this area in a logical and systematic 
manner, by addressing, as deemed appropriate in each circumstance, all the activities that the planning, design 
and conduct of a genetic improvement program entail, namely:
1. Description or development of the production system(s)
2. Choice of the species, strains and breeding system
3. Formulation of the breeding objective
4. Development of selection criteria
5. Design of system of genetic evaluation
6. Selection of animals and of mating system
7. Design of system for expansion and dissemination of the improved stock
8. Monitoring, impact assessment and comparison of alternative programs
This approach is not only useful in itself in the sense that it enables a logical treatment of the matter, but it is 
also helpful in the identification of areas in which knowledge or its application are deficient, and that should 
therefore become the target of research, development and technology transfer. During the implementation 
of well-designed genetic improvement programs, weaknesses, deficiencies and areas where there is room for 
improvement are frequently identified. Such program limitations provide pointers to potentially useful research 
areas, which if addressed will provide information that will enable refinements that may further increase the 
effectiveness of the program.
Where aquaculture is relatively new and there are still wild populations readily accessible by escapees 
of a genetically improved strain of the same species, the risks are high. The escapees may interbreed with 
the wild population with unknown but likely undesirable consequences (e.g. loss of the uniqueness of the 
wild population, change in the fitness of the resulting population with consequences to the ecosystem as a 
whole). The conduct of systematic environmental risk analyses can be of great value for the identification 
and subsequent management of the risks associated with development, introduction and dissemination of 
genetically improved fish strains in a given region. Where the adoption of genetic improvement programs 
may pose environmental, ecological or genetic risks to local fish populations and indigenous biodiversity, 
WorldFish will actively work with partners towards the development of tools and methodologies that improve 
local capacity to implement environmental risk analyses. Molecular techniques may be useful in surveillance, 
establishing whether introgression between escaped farm and wild populations has occurred. 
All steps itemized above will be followed in Uganda. In Egypt, steps 1–6 have already been carried out and 
research will focus on determining how to develop the private and public sector partnerships essential to 
maintaining the genetically improved populations and on Steps 7 and 8. Complementary research activities 
which will provide essential information about how we will execute the programs in Egypt and Uganda, as 
well as serve as areas where we can eventually scale out impacts, are also being supported at various levels 
of involvement elsewhere in Africa (Ghana, Malawi) and Asia (Bangladesh, China, India, Malaysia, Sri Lanka, 
Vietnam). 
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Animal Genetics Research Platform
There are differences between livestock and aquatic animals in relation to conservation and utilization 
of genetic resources. In livestock there are many breeds and very few wild relatives remain. The ‘unit’ of 
conservation is often taken as the breed, and conservation by utilization is thus a useful approach. By contrast, 
with aquatic animals there are very few breeds and most of the genetic diversity is in wild populations. The 
fraction of genetic diversity that is conserved in the few improved breeds in existence is very small. Hence 
the importance assigned to the prevention of further habitat degradation where natural populations of aquatic 
animals live.
However, the core expertise and principles in genetics are identical across species, whether we are 
dealing with terrestrial or with aquatic animals. ILRI has the greater expertise in molecular genetics and 
immunology, from which WorldFish and ICARDA would benefit, and also a long history of involvement 
in breed characterization and improvement programs in Africa and Asia. WorldFish geneticists have been 
working on a wide range of aquaculture genetic improvement programs and on aspects of characterization 
and risk assessment associated with the use of improved fish strains. ICARDA geneticists have expertise in 
small ruminant breed characterization, sustainable use of local breeds and have started working on breeding 
programs for smallholders. In addition, the genetic groups in WorldFish and ILRI have been very active in the 
area of capacity building, frequently running training courses for partners at different levels on the application 
of genetics to aquatic animal and livestock improvement. 
The CRP will provide a platform for working in a coordinated manner, building a team of geneticists across 
centres with a broader range of expertise. Complementary skills and talents, as well as experience in 
different environments, are expected to translate into a greater ability to address the most limiting constraints 
consequently leading to higher chances of achieving impact. This newly forged Animal Breeding and Genetics 
group will also raise the profile of work in this area in the CG system through consolidated views and 
propositions. This will increase the attractiveness of establishing collaboration between the CG centres and the 
leading research groups in this field, such as the University of New England, Wageningen University, and the 
University of Guelph. The physical location of the three centres also favours the notion of working together. 
The animal breeding and genetics group of ILRI, WorldFish and ICARDA are located in Africa, Asia and the 
Near East, respectively. However, all centres are active in both continents. Working together, WorldFish 
geneticists can provide support to lLRI’s livestock programs in Asia while ILRI’s geneticists may do the same for 
WorldFish’s projects in Africa. In many instances this would make monitoring and overseeing of projects easier 
and more cost effective. Further, the frequent interactions among geneticists from the different institutes would 
be a very stimulating development for all involved, and one can expect improved scientific productivity and 
standards as a consequence.
Important note: Full information on references is included in the Program proposal that can be downloaded 
from http://cgspace.cgiar.org/handle/10568/3248.
